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1.1 (Skau 1996 [Skl]). $X$ Cantor , $G$ $X$
(1) $G$ minimal ($\forall x\in X,$ $\{g(x)|g\in G\}$ $X$ )
(2) $G$ free $(x\in X, g(x)=x$ $g$ )
$X$ minimal $S$ , 2 (X, $G$) (X, $S$)
2 (X, $G$) (X, $S$ ) , $X$ $F$
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L2 $([\mathrm{F}_{0}]:\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}\mathrm{e}\mathrm{m}0.5)$ . $(X, \mathbb{Z}^{d})$ free Cantor minimal system $\circ$
$X$ $Y$ $X$ minimal $S$
(1) $Y$ a3: nowhere denceo
(2) $\mathrm{Y}$ $\mathbb{Z}^{d}$ $S$
(3) $\mathbb{Z}^{d}$ $S$ $\mu$ $\mu(\mathrm{Y})=0$
(4) $x\in X\backslash Y$ $\{T^{z}(x)|z\in \mathbb{Z}^{d}\}=\{S^{n}(x)|n\in \mathbb{Z}\}$
(4) $Y$
Skau $G=\mathbb{Z}^{d}$ Forrest
, (X, $\mathbb{Z}^{d}$ ) Bratteli diagram $B$ , infinite path space
$X_{B}$ (X, $\mathbb{Z}^{d}$ ) $X_{B}$ ( ) cofinal




Bratteli diagram , $V$ $E$ (V, $E$ )
, $V$ $V_{n}(n\geq 0)$
, $|V_{0}|=1$ $E$ $E_{n}(n\geq 1)$
$V$ $E$ $r,$ $s:Earrow V$ $r(E_{k})\subset V_{k},$ $s(E_{k})\subset V_{k-1}$
$(k\geq 1)$ $0$ $r,$ $s$ range map, sorce map
$v\in V$ $s^{-1}(v)\neq\emptyset$ , $v\in V\backslash V_{0}$
$r^{-1}(v)\neq\emptyset$
$n\geq 0$ $V_{n}=\{v_{i}^{(n)}|1\leq i\leq|V_{n}|\}$ $m_{i,j}^{(n)}$ $v_{j}^{(n-1)}$
$v_{i}^{(n)}$
$M^{(n)}=(m_{i,j}^{(n)})$ $n$ (incidence matrix)
Brattehi diagram (V, $E$) simple , $k\geq 0$ , $k$
$n$ , $v\in V_{k},$ $u\in V_{n}$ $v,$ $u$ , 2
path path ( )
simple ,
$M^{(n)}M^{(n-1)}\cdots M(k+1)$ $P(V_{n})$ $V_{0}$
$V_{n}$ path
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2.2 infinite path space
simple Brattehh diagram $B=$ (V $E$) , infinite path
space $x_{e}$ sorce maP, range map $X_{B}=\{(e_{1}, e_{2}, \cdots)|r(e_{n})=s(e_{n}+1)n\geq 1\}$
$X_{\mathcal{B}}$ $U(e_{1}, e_{2}, \cdots, e_{k})=$
$\{(f_{1}, f_{2}, \cdots)\in X_{B}|f_{i}=e_{i}1\leq i\leq k\}$
,
diagram simpleness , $X_{g}$
Cantor
2.3 oredered Bratteli diagram
Bratteli diagram (V, $E$) $E$ $”\geq$” $2\vee\supset$
$e,$ $f\in E$ , $r(e)=r(f)$
$(V, E, \geq)$ , ordered Bratteli diagram $E_{\min},$ $E_{\max}$
$E$ $\geq$ , (V, $E,$ $\geq$ )
proper , (V, $E$) simple , $E_{\min}$ i nite path
$p\mathrm{m}\mathrm{i}\mathrm{n}\in X_{B}$ $E_{\max}$ i nite path $p_{\max}\in X_{B}$ –
2.4 Bratteli-Vershik system
$B=(V, E, \geq)$ properly ordered Bratteli diagram , $p_{\max},$ $P\mathrm{m}\mathrm{i}\mathrm{n}$ $X_{\mathcal{B}}$
maximal, minimal infinite path $X_{B}$ $\lambda_{B}$
$\lambda_{B}(p_{\max})=p_{\min}$ $p=(e_{1}, e_{2}, \cdots)\neq p_{\max}$ ,
$k= \min\{i\in \mathrm{N}|e_{i}\not\in E_{\max}\}$ , $f_{k}\in E$ $e_{k}$
$(f_{1}, f_{2}, \cdots, f_{k-1})$ $P(V_{k1}-)$ path $r(f_{k-}1)=s(f_{k})$ ,
$\lambda_{B}(p)=(f_{1}, f_{2}, \cdots)f_{k},$ $e_{k+1},$ $e_{k}+2,$ $\cdots)$ $\lambda_{B}$
, Vershik $\lambda_{B}$ minimal
$(X_{\mathcal{B}}, \lambda\beta)$ , Bratteli-Vershik system
3 Bratteli diagram
Bratteli diagram Forrest






, [HPS] Cantor minimal system
(X, $T$) , clopen set $\{U_{n}\}_{n\geq 0}$ , $X$ clopen set $\{P_{n}\}_{n\geq 0}$
$\bullet$ $X=U_{0}\supset U_{1}\supset U_{2}\supset\cdots$ $x_{0}\in X$ , $\bigcap_{n\geq 0n}U=\{x_{0}\}$
$\bullet$ $\{P_{n}\}_{n\geq 1}$ $(P_{1}\prec P_{2}\prec P_{3}\prec\cdots)$
$\bullet$ $\bigvee_{n\geq}{}_{1}P_{n}$ $X$
3.1 (first return time). $U_{n}$ $x\in U_{n}$ , $R_{n}$ : $U_{n}arrow \mathrm{N}$
$R_{n}(x)= \inf\{m\in \mathrm{N}|T^{m}x\in U_{n}\},$ $x\in U_{n}$
$R_{n}(x)$ $x$ $U_{n}$ first return time
$R_{n}$ $U_{n}$ $R_{n}(U_{n})$
$I_{n}=|R_{n}(U_{n})|$ $(U_{n})=\{m_{1}^{(n)}<m_{2}^{(n)}<\cdots<$
$m_{I_{n}}^{(n)}\}$ $I_{n}$ $U_{n}$ $I_{n}$ clopen set $U_{n}(i)=\{x\in$
$U_{n}|R_{n}(x)=m_{i}^{(n)}\}$ ( ,1 $\leq i\leq I_{n}$ ) $T$ minimality $U_{n}$
$Q_{n}’=\{T^{m}U_{n}(i)|1\leq i\leq I_{n}, 0\leq m<m_{i}^{(n)}\}$ clopen set $X$
( $Q_{n}’$ -Rohlin ) -Rohlin $Q_{n}$
$Q_{0}=\{X\}$ $n\geq 1$ , $Q_{n-1}$
$U_{n}(i)$ $J_{n}(i)$ clopen sets
$\{P\cap U(n)i|P\in\tau^{-}m(Qn-1^{\vee \mathrm{p}}n)m_{i}^{(n)}-1m=0$ $P\cap U(ni)\neq\emptyset\}$
$=\{U_{n}(i, j)|1\leq j\leq J_{n}(i)\}$ .
def.
$U_{n}\text{ }$ , $Q_{n}$
$Q_{n}=\{T^{m_{U_{n}}}(i,j)|1\leq i\leq I_{n}, 1\leq j\leq J_{n}(i), 0\leq m<m_{i}^{(n)}\}$ .
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$Q_{n}\succ P_{n},$ $Q_{n}\succ Q_{n}’,$ $Q_{n}\succ Q_{n-1}$ $\{Q_{n}\}_{n\geq 0}$ Bratteli
diagram (V, $E$), source map $s$ , range map $r$ , $\geq$
$V_{n}=\{(n, i,j)|1\leq i\leq I_{n}, 1\leq j\leq J_{n}(i)\}(n\geq 1)$ , $V_{0}=\{(0,1,1)\}$ ,
$E_{n}=\{(i_{n-1},j_{n-}1, i_{n},j_{n}, mn)|U_{n-1}(i_{n-}1,j_{n-}1)\supset T^{m_{n}}U_{n}(i_{n}, jn)0\leq m_{n}<m_{i_{n}}^{(n)}\}$ ,
$s(i_{n-1},j_{n}-1, i_{n},j_{n}, m_{n})=(n-1, in-1,jn-1)\in V_{n-1}$ ,
(3.1)
$r$ ($i_{n-1},$ $j_{n-1},$ i $j_{n’ n}m$n ) $=(n, i_{n}, j_{n})\in V_{n}$ ,
$(i_{n-1}’,j’n-1’ i’j_{n}’n" m_{n}^{;})\geq$ ($i_{n-1},jn-1,$ in’ in’ $m_{n}$ )
$\Leftrightarrow i_{n}’=i_{n},$ $j_{n}’=j_{n}$ and $m_{n}’\geq m_{n}$
$B=(V, E, \geq)$ (X, $T$) ordered Brattehi diagram
Herman, Putnam, Skau Cantor minimal system Bratteli-Vershik system
32 $([\mathrm{H}\mathrm{P}\mathrm{S}])$ . , $(X_{B}, \lambda g)$ $B$ Bratteli-Vershik system
$\varphi$ : $Xarrow X_{B}$
(1) $\varphi\circ T=\lambda_{g\circ}\varphi$ ( $\varphi$ )
(2) $\varphi(x_{0})=P\mathrm{m}:\mathrm{n}$ $\varphi(T^{-1}x_{0})=P\mathrm{m}\mathrm{a}\mathrm{x}$ ’ $P\mathrm{m}\mathrm{i}\mathrm{n}$ (Pmax) $X_{B}$ –
minimal (maximal) path $\circ$
(3) $\varphi(x)=\{(i_{n-1}, jn-1, i jn’ n’ mn)\}_{n\geq}1\in X_{B}$ , $\{x\}=\mathrm{n}_{n\geq 1}T^{\Sigma^{n}}k=1U_{n}mk(i_{n}, jn)$
33 (coorbital, cofinal). $(X, T)$ Cantor minimal system, $(Xg, \lambda g)$ $(X, T)$
Brattehh-Vershik system
$\bullet$ $x,$ $y\in X$ , $x$ $y$ coorbital , $n$ $T^{n}x=y$
$x\sim y$
$\bullet$ $p,$ $q\in X_{B}$ , $p$ $q$ cofinal , $p=(p_{1}, p_{2}, \cdots),$ $q=(q_{1}, q_{2}, \cdots)$
, $N$ , $n\geq N$ $n$
, $p_{n}=q_{n}$ $p$ $q$
– $p\approx q$
32 ,
$\bullet$ $p\approx q$ , $\varphi^{-1}(p)\sim\varphi-1(q)$ $\circ$
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$\bullet$ $x,$ $y\in X\backslash \{T^{n}x_{0}|n\in \mathbb{Z}\}$ $x\sim y$ , $\varphi(x)\approx\varphi(y)$
$\bullet$ $p_{\min}=p_{+},$ $p\mathrm{m}\mathrm{a}\mathrm{x}=p_{-}$ $x_{+},$ $y_{+}\in\{T^{n}x_{0}|n\geq 0\},$ $X_{-},$ $y_{-}\in\{T^{n}x_{0}|n<0\}$
, $\varphi(x_{\pm})\approx\varphi(y_{\pm})\approx p_{\pm}$ , ( ), $\varphi(x_{+})\not\simeq\varphi(x_{-})$
(X, $T$) , $x_{0}$ , $X_{\mathcal{B}}$ cofinal
Vershik $\lambda_{B}(p_{\max})=p\mathrm{m}\mathrm{i}\mathrm{n}$ ,
cofiinal “ ” $x_{0}$
3.2 $\mathbb{Z}^{d}$ action ( $d\geq 2$ )
, [Fo] $\mathbb{Z}^{d}$ action , $\mathbb{Z}$ action
, first return time $\mathbb{Z}$ , $0$ ( )
, 2 , $\mathbb{Z}^{d}$
first return time
$\mathbb{Z}$ action , Free Cantor minimal system $(X, \mathbb{Z}^{d})$
, clopen set $\{U_{n}\}_{n\geq 0}$ , $X$ clopen set $\{P_{n}\}_{n\geq 0}$
$\bullet$ $X=U_{0}\neq\supset U_{1}\neq\supset_{U_{2}}\neq\supset\ldots$ ( : $\bigcap_{n\geq 0n}U=\{x_{0}\}$ )
$\bullet$ $\{P_{n}\}_{n\geq 1}$ $(P_{1}\prec P_{2}\prec P_{3}\prec\cdots)$
$\bullet$ $\bigvee_{n\geq}{}_{1}P_{n}$ $X$
hitting time first return time
34(hitting time). $U_{n}$ $x\in U_{n}$ ,
$H(x, U_{n})=\{z\in \mathbb{Z}^{d}|T^{z}x\in U_{n}\}\subset \mathbb{Z}^{d}$
$H(x, U_{n})$ $x$ $U_{n}$ hitting time
(X, $\mathbb{Z}^{d}$ ) Bratteli diagram , “ ”
– ,
$x\in X$ , $\mathbb{Z}^{d}$
$\{K_{n}(x, h)\subset \mathbb{Z}^{d}|h\in H(x, U_{n})\}$ Bratteli diagram
$\{K_{n}(x, h)\subset \mathbb{Z}^{d}|h\in H(x, U_{n})\}$
\uparrow 35(P1) $w\in K_{n}(x, h)$ .
(P2) $w+z\in H(x, U_{n})$ $w,$ $z\in \mathbb{Z}^{d}$ , $K_{n}(x, w+Z)=K_{n}(\tau zx, w)+Z$ .
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(P3) $w\neq w’\Rightarrow K_{n}(x, w)\cap K_{n}(x, w);=\emptyset$ .
(P4) $\bigcup_{w\in H()}U_{n}K_{n}(x,x, w)=\mathbb{Z}^{d}$ .
(P5) $x\in X,$ $h\in H(x, U_{n})$ , $K_{n}(x, h)$
:
$\bullet$ $(\mathrm{P}3),(\mathrm{p}4),(\mathrm{P}5)$ , $x\in X$ $\{K_{n}(X, h)|h\in H(x, U_{n})\}$ $\mathbb{Z}^{d}$
, $\mathbb{Z}^{d}$
$\bullet$ $(\mathrm{P}3),(\mathrm{p}4)$ , $x\in X$ – $h_{x}^{(n)}\in H(x, U_{n})$ , $0\in$
$K_{n}(x, h_{x}^{()}n)$
$\bullet$ $x\in U_{n}$ , $h_{x}^{(n)}=0$
(P6) $\epsilon=\epsilon(n)>0$ , $d(x, y)<\epsilon$ $x,$ $y$ $K_{n}(x, w_{x}^{()}n)=$
$K_{n}(y, w_{y}^{()})n$ ( $K_{n}(\cdot, h^{(n)}.)$ : $Xarrow$ { $\mathbb{Z}^{d}$ } –
)
(P7) $K_{n}(x, w_{n})\cap K_{n+1}(X, w_{n}+1)\neq\emptyset\Rightarrow K_{n}(X, w_{n})\subset K_{n+1}(X, w_{n+1})$ .
:
$\bullet$ $x\in X$ , $K_{1}(x, h_{x}^{()})1\subset K_{2}(x, h_{x}^{()})2\subset K_{3}(x, h_{x}^{()})3\subset\cdots$
$K_{n}(x, h)$ (X, $\mathbb{Z}^{d}$) Bratteli diagram
$U_{n}$ $\equiv$
$x\equiv y$ $\Leftrightarrow$ $K_{n}(x, 0)=K_{n}(y, 0)$
def.
, $\equiv$ $U_{n}$ $\{U_{n}(i)|1\leq i\leq I_{n}\}$ $(I_{n}=|U_{n}/\equiv|)$
$U_{n}$ (P6) $1\leq i\leq I_{n}$ $i$
$K_{n}(i)=K_{n}(x, \mathrm{o})(x\in U_{n})$ , $x$
$\mathbb{Z}$ action
$Q_{n}’=\{T^{z}U_{n}(i)|1\leq i\leq I_{n}, z\in K_{n}(i)\}$ clopen set $X$
-Rohhin $Q_{n}$ $Q_{0}=\{X\}$ $n\geq 1$
, $Q_{n-1}$ (i) $J_{n}(i)$
clopen sets
$\{P\cap Un(i)|P\in \mathrm{v}_{n}\tau^{-z}(Qn-1P_{n})z\in K(i)$ $P\cap U_{n}(i)\neq\emptyset\}$
$\mathrm{d}\mathrm{e}\mathrm{f}=$
.
$\{U_{n}(i, j)|1\leq j\leq J_{n}(i)\}$ .
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$U_{n}(i$ , $Q_{n}$
$Q_{n}=\{T^{z}U_{n}(i,j)|1\leq i\leq I_{n}, 1\leq j\leq J_{n}(i), z\in K_{n}(i)\}$ .
$Q_{n}\succ P_{n},$ $Q_{n}\succ Q_{n}’,$ $Q_{n}\succ Q_{n-1}$ ($d=1$ , $zarrow m$ ,
$K_{n}(i)arrow[0, m_{i}^{(n)})$ ) $\{Q_{n}\}_{v\geq 0}$ Bratteli diagram
(V, $E$), source map $s$ , range map $r$ (3.1) (
) (X, $\mathbb{Z}^{d}$ ) Bratteli diagram
3.3 Forrest $K_{n}(x, h)$
, Forrest $K_{n}(x, h)$ $\mathbb{Z}^{d}$
(lexicographical order) $<_{lex}$ $\mathrm{o}z=(z_{1}, \cdots, z_{d})\in \mathbb{Z}^{d}$
$w=(w_{1}, \cdots, w_{d})\in \mathbb{Z}^{d}$
$|1\leq j\leq d$ $j$ :
$z<_{lex}w$ $\Leftrightarrow \mathrm{d}\mathrm{e}\mathrm{f}$
. $\{$
$z_{i}=w_{i}$ $1\leq\forall i\leq j-1$
$z_{j}<w_{j}$
36(Voronoi domain). $n\in \mathrm{N},$ $x\in X,$ $h\in H(x, U_{n})$ $\mathrm{V}\mathrm{o}\mathrm{r}_{n}(X, h)\subset \mathbb{Z}^{d}$
$\mathrm{V}\mathrm{o}\mathrm{r}_{n}(X, h)=\{w\in \mathbb{Z}^{d}$ : $||w-h||<||w-h’||$ for $h’\in H(x, U_{n})\backslash \{h\}$
or $||w-h||=||w-h’||$ with $h>_{lex}h^{J}\in H(x, U_{n})\}$
$||$ $||$ $d$ ) $\mathrm{V}\mathrm{o}\mathrm{r}_{n}(x, h)$ Voronoi domain
$K_{n}(x, h)$
$K_{n}(x, h)=\{$
$\mathrm{V}\mathrm{o}\mathrm{r}_{1}(x, h)$ , $n=1$
$\cup\{K_{n-1}(x, h’)|h’\in H(x, U_{n-1})\cap \mathrm{V}\mathrm{o}\mathrm{r}_{n}(X, h)\}$ , $n>1$
$K_{n}(x, h)$ 35 (P6) (P6)
$H(\cdot, U)$ – ( $U$ clopen set)
$r>0$ $\delta=\delta(U, r)>0$ $d(x, y)<\delta$ $x,$ $y\in U$
$H(x, U)\cap B_{r}(0)=H(y, U)\cap B_{r}(0)$ $d$ $X$




$\{e_{i}|1\leq i\leq d\}$ $\mathbb{Z}^{d}$
41.– $\bullet$ $A\subset \mathbb{Z}^{d}$ $z\in\partial A$ , $z\in A$ $e_{j}$
$z+e_{j}\not\in A$ $z-e_{j}\not\in A$
$\bullet$ $X$ $\mathrm{Y}_{n}$ , $\mathrm{Y}\#,$ $\mathrm{Y}$
$Y_{n}= \bigcup_{i=1z\in\partial K_{n}}^{I_{n}}\bigcup_{(i)}TzU_{n}(i)$,




$\overline{r_{n}}=_{1\leq}\max_{i\leq n}(\mathrm{s}\mathrm{u}\mathrm{p}I\{r>0|B_{z}(r)\cap \mathbb{Z}^{d}\subset K_{n}(i)\exists z\in K_{n}(i)\})$
$\underline{r_{n}}=\min_{i1\leq\leq I_{n}}(\sup\{r>0|B_{z}(r)\cap \mathbb{Z}^{d}\subset K_{n}(i)\exists z\in K_{n}(i)\})$
$\bullet$ $\lambda_{n}$
$\lambda_{n}=_{1\leq i\leq}\max_{In}$ ($\inf\{\epsilon>0|K_{n}(i)$ 1 $\epsilon- \mathrm{F}\emptyset \mathrm{l}\mathrm{n}\mathrm{e}\mathrm{r}$ })
$A\subset \mathbb{Z}^{d}$
$\epsilon- \mathrm{F}\emptyset \mathrm{l}\mathrm{n}\mathrm{e}\mathrm{r}$ , $\#(A\triangle(A+z))\leq\epsilon|A|||z||$
$z\in \mathbb{Z}^{d}$
4.2 $([\mathrm{F}\mathrm{o}])$ . $(X, \mathbb{Z}^{d})$ free Cantor minimal system , $B=(V, E)$ Forrest
(X, $\mathbb{Z}^{d}$) Bratteli diagram
$\varphi$ : $Xarrow X_{B}$
(1) $p\approx q$ , $\varphi^{-1}(p)\sim\varphi-1(q)$ $\circ$
(2) $x,$ $y\in X\backslash Y$ $x\sim y$ , $\varphi(x)\approx\varphi(y)$
(3) $\overline{r_{n}}arrow\infty(narrow\infty)$ , $Y$ nowhere dense $\circ$
(4) $\underline{r_{n}}arrow\infty(narrow\infty)$ , $B$ simple Bratteli diagram
(5) $\lambda_{n}arrow 0(narrow\infty)$ , $\mathbb{Z}^{d}$ $\mu$ $\mu(\mathrm{Y})=0$
$\sim,$
$\approx$ coorbital, cofinal , $\sim$ 33 $\mathbb{Z}^{d}$
action






$A(x)$ (1), (2) ,
$(\mathrm{i})x\in X\backslash Y\Leftrightarrow A(x)=\mathbb{Z}^{d}$
(ii) $x\in Y\Leftrightarrow A(x)\neq \mathbb{Z}^{d}$
$L(x)=\varphi(\mathrm{o}_{\mathrm{r}}\mathrm{b}_{\mathbb{Z}}d(x))/\approx$ , $\{\xi_{i}\}_{iL(_{X})}\in\subset \mathbb{Z}^{d}$ $i\neq i’$ $\varphi(\tau^{\xi_{i}}x)\not\simeq\varphi(T^{\xi_{i’}}X)$
$( \mathrm{i}\mathrm{i}\mathrm{i})\bigcup_{i\in L(x})(A(\tau^{\xi}ix)+\xi_{i})=\mathbb{Z}^{d}$ ( )
(iv) $x\not\in Y\Leftrightarrow|L(X)|=1$
(v) $x\in Y\Leftrightarrow|L(X)|>1$
Skau $\mathbb{Z}^{d}$ action , . $Y$ $d=1$
, $Y\#=\{x_{0}, \tau^{-1}x_{0}\}$ , $Y$ $Y\#$ 2
, $\bigcap_{n\geq 1}U_{n}=\{x_{0}\}$ $d\geq 2$
, $Y\#$ $d=1$
$\bigcap_{n\geq 1}U_{n}=\{x_{0}\}$ – $d\geq 2$
$\bigcap_{n\geq 1}U_{n}=\{x_{0}\}$
$Y\#$ ,
$L(\cdot)$ – (i.e. $c\geq 1$ $|L(x)|\leq c$ $x\in X$ )
Skau , free $Z^{d}$
action minimal Cantor system o $Y\#$
5 Skau
Skau $\mathbb{Z}^{2}$ action –
,
5.1 (AF system). $B=$ (V, $E$ ) simple Bratteli diagram
$X_{B}$ $B$ infinite path space , $B$
simpleness $X_{B}$ Cantor $n\in \mathrm{N}$ , $\mathrm{F}_{n}$ $P(V_{n})$
, path source $\gamma\in\Gamma_{n}$ $r(\gamma(p))=r(p)$
$p\in P(V_{n})$ $\gamma\in\Gamma_{n}$ $X_{B}$
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( $\gamma$ )
$\gamma(e_{1}, e_{2}, \cdots)=(f_{1}, f2, \cdots, f_{n}, e_{n++2}1, e_{n}, \cdots)\in X_{\mathcal{B}}$
, $(f_{1}, f_{2}, \cdots, f_{n})=\gamma$($e1,$ $e2,$ $\cdots$ en) $\Gamma_{n}$ $X_{B}$
( ) , $\Gamma_{n}\subset\Gamma_{n+1}$ $\Gamma=\bigcup_{n\in \mathrm{N}}\Gamma_{n}$ , $(X_{B}, \Gamma)$ $B$
$\mathrm{A}\mathrm{F}$ system
$\mathrm{A}\mathrm{F}$ system coorbital infinite path space , cofinal
$\mathrm{A}\mathrm{F}$ system [Kr]
Giordano, Putnam, Skau $\mathbb{Z}$ action Cantor minimal system $\mathrm{A}\mathrm{F}$ system
5.2 $([\mathrm{G}\mathrm{P}\mathrm{S}]:\mathrm{L}\mathrm{e}\mathrm{m}\mathrm{m}\mathrm{a}6.1.)$. $\mathrm{A}\mathrm{F}$ system $\mathbb{Z}$ action Cantor minimal system
5.3 (product action Cantor system). $n\in \mathrm{N}$ $\circ(X_{i}, T_{i})(i=1,2, \cdots, n)$
$\mathbb{Z}$ action Cantor minimal system $X=X_{1^{\mathrm{X}Xx_{n}}}2\cross\cdots\cross$ (Cartesian product)
, $X$ $\mathrm{i}\mathrm{d}\cross \mathrm{i}\mathrm{d}\cross\cdots\cross T_{i}\mathrm{x}\cdots\cross \mathrm{i}\mathrm{d}$ ( ) $G$
$G$ $X$ minimal free (X, $G$)
$((X_{i}, T_{i})(i=1,2, \cdots, n)$ ) product $\mathbb{Z}^{n}$ action Cantor system
5.4 $([\mathrm{S}\mathrm{k}2])$ . product $\mathbb{Z}^{n}$ action Cantor system $\mathbb{Z}$ action Cantor minimal system
( ) $(X, G)$ $(X_{i}, T_{i})(i=1,2, \cdots, n)$ product $\mathbb{Z}^{n}$ action Cantor system
$i$ 52 $(X_{i}, T_{i})$ $\mathrm{A}\mathrm{F}$ system $(x_{B_{i}}, \mathrm{r}_{i})$
(X, $G$) $(x_{B_{i}}, \mathrm{r}_{i})(i=1,2, \cdots, n)$ $n$ product
action Cantor system $(x’, c’)$ – $(X’, G‘)$ $\mathrm{A}\mathrm{F}$ system
, 52 $\mathbb{Z}$ action Cantor nimal system $(Y, S)$
(X’, $G’$ ) (X, $G$) $(Y, S)$
Skau (
54 )
( D $X=\{0,1\}^{\mathrm{N}},$ $e_{1}=(1,0),$ $e2=(0,1)$ $\mathbb{Z}^{2}$ product $\mathbb{Z}^{2}$ action Cantor




(i) , $n_{0}= \min\{n\in \mathrm{N}|p_{2n-1}=0\}$ $X$ $T^{e_{1}}$
$T^{e_{1}}p=\{$
$(0,p2,0,p4, \cdot. . , \mathrm{o}_{p_{2n\mathrm{o}-}2},,1,p2n0’ P2n\mathrm{o}+1, \cdots)$ , (i)




(iii) , $n_{0}= \min\{n\in \mathrm{N}|p_{2n}=0\}$ $X$ $T^{e_{2}}$
$T^{e_{2}}p=\{$
$(p_{1},0,p_{3}, \mathrm{o}, \cdots, 0_{Pn0^{-}},21,1,p_{2}n\mathrm{o}+1, \cdots)$ , (iii)
$(p_{1}, \mathrm{o},p_{3}, \mathrm{o}, \cdots, 0,p_{2n-}1,0,p_{2n+1}, \cdots)$ , (iv)
2 , $X$ minimal free
Forrest $U_{n}=\{(p_{1},p2, \cdots)\in X|p_{i}=0,1\leq i\leq 2n\}$
$\bullet$ $x\in U_{n}$ , $H(x, U_{n})=\{(2^{n}l, 2^{n}m)|l, m\in \mathbb{Z}\}$
$\bullet I_{n}=1$
$\bullet K_{n}(1)=\{(\iota, m)\in \mathbb{Z}^{2}|-2<l, m\leq 0\}$
$\bullet$ $\partial K_{n}(1)=$ { $(l,$ $m)\in \mathbb{Z}^{2}|l=0$ or $l=2^{n}-1$ or $m=0$ or $m=2^{n}-1$ }
$\bullet$ $Y_{n}=$ { $(p_{n})_{n\in \mathrm{N}}|$ $i\in[1,$ $n]$ $p_{2i-1}=0$ or $p_{2i-1}=1$ or $p_{2i}=0$ or $p_{2i}=1$ }
$\bullet$ $Y\#=$ { $(p_{n})_{n\in \mathrm{N}}|$ $n\in \mathrm{N}$ $p_{2n-1}=0$ or $p_{2n-1}=1$ or $p_{2n}=0$ or $p_{2n}=1$ }
$Y\#$ $S$ $X$ , $(X, S)$ Cantor
minimal system product $\mathbb{Z}^{2}$ action Cantor system , (X, $S$ )
( )
[CFW] A.Connes, J.Feldman, B.Weiss, An amenable equivalence relation is generated by
a single $tramf_{\mathit{0}}rmation$ , Ergodic Th. &Dynam. Sys. 1 (1982), 431-450
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